Systematic circular permutation of an entire protein reveals essential folding elements.
The importance of chain connectivity in determining protein function and stability can be examined by breaking the peptide backbone using a technique such as circular permutation. Cleavage at certain positions results in a complete loss of the ability of the protein to fold. When such cleavage sites occur sequentially in the primary structure, we call the region a 'folding element', a new concept that could assist in our understanding of the protein folding problem. The folding elements of dihydrofolate reductase have been assigned by conducting a systematic circular permutation analysis in which the peptide backbone was sequentially broken between every pair of residues in the protein. The positions of folding elements do not appear to correspond to secondary structure motifs, substrate or coenzyme binding sites, or accessible surface area. However, almost all of the amino acid residues known to be involved in early folding events are located within the folding elements.